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large diffusion
E(field) very low,
i-butane, 50 mbar
U(GEM) = 350V
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less diffusion
increased E(drift),
U(GEM) = 350 V
i-butane, 50 mbar
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25 equally spaced 
electrons
transfer of only
5 electrons i-butane, 50 mbar
E(drift) very low
E(trans) 
U(GEM)= 350V
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10 electrons
transfer of 
electrons
25 equally spaced
E(drift) low
E(trans)
i-butane, 50 mbar
U(GEM) = 350V
 21 CFERGH<ADI+ﬀﬂﬁﬃ  "!KEKJ"LNM_JN)
 
>2Cb<TIR<AS<T'UL>2CFVBL>2FV
Zd
]
<>*[
Fs~,.#&6 nﬂ ,.Z[2)+d%9 % q)d.6m65Z[6]\5)+#&%9
4#* q*):;{ﬂ)d 4 *3,-'*d%9ﬂ O65Z[6]\5)+#&%9'm6 %5,^2ZZ l'_a^27\]6]4%9
%9n6
Z`ﬂ9n6m%9 )8%1a% q2Z[2#+~765#l0>Y>ﬃ 2#*#&2  :d6 ; q*#&% )d.6,a7a^65#'*d476' ?
k
R
K£
Q
¢¤R­ ¨ j ¥D« U:R:¢ 
X
«¬
X
­Pj ¡>SO«¤¢¤¬
R
N¥D
Q
L
 

L
SN2¬
R
¬
R
R
R
(¥   U:¬$A
R X
¬(¢
L
R

R

L
¢¤£(
L
¢¤
L
¬
X
« U: rM  ﬁ :N«¤>SO«¤¬(¢¥ :
Q
L
sI
R
£9« U:
XGQ
A:¢ 
X
«

L
« U<¬
X
« U:¡>SO«¤¢¤¬
R
N¨wk « U
L
«¤¬  A>M

U
L
ﬁ
¤sIU:¢¤(¥F« U
L
« « U: M
Q
 « 

TS
L
« ¡¬
R 
¢¤¬ﬃSNR
R
« U: rM A
L

R
¬« «
L
ª(
R

R
«¤¬
L
S SN¬
QER
« U:¢¤
X
¬(¢
« U:  ¤TM
Q

L
« ¡¬
R
N¨

*

X:
	
ﬁ ﬂﬁY:Y


k
R
L
¢
L
¡K«¤¬2« U: M 
L

Q
¢¤>M 
R
«
R
« U: 
L
 !¥M ¬(¢¤RH «¤
R
¤D ¬
R
«¤

L
¢ ¡¬ ¤TM
Q

L
« ¡¬
R
>A « U« U:


>S` S £(¬ M N«¤¢ ¬
X
« U: Ł  «
L
R

L
¢  rM 

A¢¤

¢
X
¬(¢ M 
L
«

M    x7! ¥

¢¤¬ :/
R
£
Q
L
R
«  ﬁ
«
L
« D¢¤
Q
 «N¨ J ¤TMb
L
¢ t   ﬁ M ¬ :¬
X
« U: rM  A
L
:¤¡£
R
 A « U7« U: ¤TM
Q

L
« ¡¬
R 
L
SUª
L
£(
WJ) vM
NN
 xﬀj  ¥
L
b: SN¢ ¡ A 
R
:N«
L
$
R
 x-  ¨
K
U:«¤¢
L
R


L
¢¤
R
S U
L
2 A
R
SN¬ M
 Q
«¤  ﬀ
¢
L
R
:¬ Mbs£(
R
¢
L
« 
R
£
L
R
¡>SO«¤¢¤¬
R

R
« U::¢ 
X
«ﬂD¬D
Q
M (¥
L
«
L
£DD
R
/ «
L
R
SN
L
 A¬ Db« U: rM 

 «

L
« U	
X
¬D¡¬$A
L
 «9:¢ 
X
«
L
R
	/`
Q
  :¬$A
R
« U: rM  SVU
L
RER
 ¥
Q
¤
R
£« U: ¬
R
«¤

L
¢ ¡¬
D¢¤¡¬
R
¬
X
£
L
 ¬
Q
$¡>SO«¤¢¤¬
R
«¤¢
L
R


¬(¢ «mE WJ KgP©
N
K
U xD§!
G

R
J  wkCM
N
   x7! ¨ /¬(¢
L
¢¤
L
 K¡
:N«¤¢ Mb
R
L
« ¡¬
R
¬
X
« U:L«¤¢
L
R

X
¢ BA S¡
R
S  ¬
X
« U:

¢ TM
L
¢ 2¡>SO«¤¢¤¬
R
 «>A
L
«
L
ª(
R

R
«¤¬
L
S SN¬
QER
«« U
L
«
E 
G
 ¬ M ¬
X
« U:¡>SO«¤¢¤¬
R
 M
L
  A¡¬ﬃ « E>(¨¤£/¨¬
R
« U:«¤¬

¬(¢b¡¬$A¢ 
Q
¢
X
L
SN¬
X
« U: rM 
G
L
R

« U
L
«WE 
G
¡>SO«¤¢¤¬
R
H

¢ ¡
R
SN<¡¬
R
sI
R
£4SN¬D¤¡¬
R
N¥VA U:
R
« U: 7
R
SN¬
QER
«¤¢9« U: U/¡£ U K 
R
« U:
U:¬D¡N¨
K
U/P¢¤
Q
 «$
R
L
R
L

L

L
R
SVU:R¬
X
¡>SO«¤¢¤¬
R
N¥ﬀA U:¬ﬃ  ¤sI M
L

R
:


R
¬
R
« U:9/

¬D¡K
A « U/
R
« U:rM  U:¬D¡N¨
K
U:

¢¤¬ﬃSNPL¢¤


L
«¤   D¢
L
A« TM E+j®(®
G
¥]
R
¬(¢ :¢P«¤¬< « TM
L
«¤« U:
«¤¢
L
R


L
¢¤
R
S I¬
X
« U: rM 
X
¬(¢ ¤
R
£D¡¡>SO«¤¢¤¬
R
iA « U
L
£(¬ ¬   «
L
«  « TSN¨
K
U:¬
Q
« SN¬ M ¬
X
« U:
¤TM
Q

L
« ¡¬
R


¢¤ 
R
«¤2
R
 >SO« ¡¬
R
­ ¨ j
L
R

L
 ¬
R
SVU
L

«¤¢{t:¥7A U:¢¤« U: L¢¤
Q
 «
L
¢¤ SN¬ M

L
¢¤
«¤¬2« U: H

¢ TM 
R
«
L
K¢¤
Q
 «N¨
tx

J
W
K M  ­ ¨M
N
M

K $©  K J  

W
©  K K  $©    rM  

      ﬁ"~  ﬂRﬁR ﬁ!  ﬁ!" ﬀ	Dq!
K U:<£ L  L M

` S L « ¡¬
R
M >SVU L
R
 M S L
R
 A/::7
R
«¤¬« U:¢¤ SN¬
R
 >S
Q
« D  «¤

N¥ L ﬂ U:¬$A
R

R
K£
Q
¢¤ ­ ¨X¦8YE 
G
« U:\]%ZZ[6]\5)+d%9b¬
X
¡>SO«¤¢¤¬
R

X
¢¤¬ M « U:9:¢ 
X
« D¬D
Q
M 

¢¤>SN/
R
£ « U: rM I¥
QER
:¢ L
R
¡>SO«¤¢ TS K
CFEHGI JLK
¥ L
R
s« U:¡¢)+#&29'ﬂq565# L
R

X
¬ﬃS
Q
¤
R
£
R
«¤¬« U:rM  L

¢ «
Q
¢¤@E 
G
« U:  ,.Z`)+ﬂ/
acZ`d\]2)+d%9¬
X
¡>SO«¤¢¤¬
R
A « U/
R
« U: U/¡£ U¡>SO«¤¢ TS K SN¢¤ L «¤ ﬀ« U:

¬«¤
R
«  L 
STUWV"X
L SN¢¤¬ﬃ$« U:
rM  L

¢ «
Q
¢¤ L
R
 E 
G
« U:67)+#&27\5)+d%92¬
X
« U: M
Q
 « 

¡¡>SO«¤¢¤¬
R
 A L ¢ M
X
¢¤¬ M« U: rM  H/ «
X
L SN(¥
QER
:¢ L
R
¡>SO«¤¢ TSK
C
KMGNPORQ

R
«¤¬ L SN¬
R
 >S
Q
« D £ L  L  L  L
R
SVU: M
Q
 « 

¡¢$¬
X
L
R
«

(¥:«¤¬
SN¢¤ L «¤ L :N«¤>SO« L  K¡ ¤¡£
R
L  L «P« U: ¢¤ L  ﬁ¬
Q
«NS¡¢ S
Q
 «¨
1. εtransfer
2. gainreal
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Photocathode
UV-light
Edrift
Etranfer
EPCM1
GEM
MWPC
GEM Detector
Edrift
EPC M1
MWPC
Normalization 
Detector
3 mm
1.2 mm
1.6 mm
3.2 mm
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Transmission of at least 1 electron:
yes no
pre-amplification,
low diffusion
yes no
pre-amplification,
high diffusion
yes yes
no pre-
amplification
GEM
e -

±0¯
  ! 

ﬃ°¥±

2±


  's±'²¯2M %&:M 

A
² A
n°² ')2
ﬁ,±'² 

 *
s± ﬁI¯-°;242


,*±'²¯4

4

# :
°/M  (²ﬀ52
$°U2KMg± 

°¥±ﬂ²-. °²ﬀ*

±0¯

( 2
$°U2KMg± 

°¥±ﬂ²-. *
s± ﬁ	 :M *6/@°2M'! #

8Mﬀ°-'ﬁ

°-'~± '
*+32±

 ,*	
 M  °²ﬀ*

±0¯

:M 

A
² *± 
 's±ﬂ²ﬀ!1#

%

# °U2KMg± 

°¥±ﬂ² 

7:M 

A
² ' ± 'm²ﬀ
*+32±

 ,*


"!
Q  TVU	
 
	

ﬃ 
  ~
` =
V@?a1
#ﬁ8

9
@
L
A)
>;
1
ﬀ*H>=

8
!@1A
;

8

97 >=
 @
R
A

L
;
 9 @
L
;

 >=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
ﬁ
A
ﬁ
Q

9#ﬁ:
@
L
@>=

:9?:
O1

Q
!A
:#ﬁ$R

Q
ﬁ9
Q


@
ﬁ
L
ﬁ9
A)
:"#ﬁ$9 3"0
¸
0` =

9 ;?8 R

7 :;?9
A

@

@
4
?
Q

@
L
8
@
ﬁ9

ﬁ9(>=
 ,/.087
Q



:"* ﬀ*
@
8
ﬁ
9
9(ﬁ$
@
Q
ﬁ
@
#ﬁ$9(
@


ﬁ
A
9*>8
@
L
ﬁ0

Q
1>=

:;?9#ﬁ9
8

@


7>=







9?:

Q



:"*
+

1

@


Q
@
&:*
!A 1
9
Q
ﬁ9
8
:9
Q
ﬁ6#ﬁ$9
A
0P` =

9*>8
@
L
ﬁ0
@
#ﬁ$9 

8
@
ﬁ9
A
:*

:"
A
ﬁ9?:

>=
c1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 >=
H
L

:"9
A
=
@1A
ﬁ9#ﬁ9
A
ﬁ:
@
LWL<;
9Vﬁ9
ﬃ
;

9?:

9Z>=

:;?9#ﬁ9
8

@


0
+
9Y>=

ﬀ
LWL

B
ﬁ9
8
+
>=


!A
;
L

A
*R
@
ﬁ9

Q
ﬀ*@>=
 @
R
A

L
;
8,/.0
:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
+
ﬁ9Y>=

1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 84
Q

+
@

f1

!A)
9

Q
0
Y
;

1>=


@
:"
+
>=
@
X>=


@
9
A 1
*)
1@

@
8




A
+
9
@
8

L<;
>=
@
L

:"9
Q
ﬁ
N
;
A
ﬁ$9
@
9
Q%Q
#ﬁ  
+
A
:
@
L
@1A @
 ;?9?:"#ﬁ$9 

C
 ﬀ>=

»

Q
;?:

Q

L

:"#ﬁ:/4

L
Q
½
#+
>=

? 7,@ ?
ﬁ
A
B
@1A
: =
A)
9
@
:<:*
Q
ﬁ9
8
L<;
ﬁ9 >=

ﬀ
LWL

B
ﬁ9
8
1
L

A
0
+
9
@
QQ
ﬁ6#ﬁ$9
+
@
L
A
 >=

4?
A
	` 
B
9
A)
9
Q
:

:ﬂﬁ

9
+:+
R

ﬁ9
8
@
9 ﬁ8
1
*)
@
9 ﬁ9
8


Q
ﬁ

9 ﬀ*5>=
 1@

@
LWL

L
7 1
L
@

$@
8
1
L
ﬁ<4:
@
#ﬁ$9
+
:
@
9 R
$@21L7
1

?
ﬁ8
@


Q
@1A
 ;?9?:"#ﬁ$9

C
 
@
9
Q


V

+
#
X
0
ﬀ
 ﬂﬁﬃ
! 
ﬁ


` =

Q
@

@
ﬁ
A @

@
9
8

Q
@
:<:*
Q
ﬁ9
8
 >=
 A
ﬁ0

1>=


@
9
A 9

A)
L

:"9
Q
ﬁ
N
;
A
ﬁ$9
+
A
ﬁ9?:

>=

L
@



@
L
A 1

!@
Q
X>=
&
L

:"9 :
L
;
Q
@
 


A
8

Q
#ﬁ  
B
@1AA
;
131

A)
Q

1
L
@
;
@
Q

:ﬂﬁ
A
ﬁ
9

L

ﬀ*
>=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
0_` =

*
Q


1@

@
8



y»
L
@

8

½
+
»)ﬁ9

>8

Q
ﬁ
@


½
@
9
Q
»
A
8
@
LWL
½
Q
O1
9
Q
A
9 >=
B@
:">;
@
L
Q



:"*
8

8


;
@
9
Q
B
ﬁ
LWL
R
BA 1
:ﬂﬁ<4

Q
+ B
=

9
1

!A)
9#ﬁ9
8
@
»
A
ﬁ8
1
L

84
Q

L
½
ﬁ9
A)
:"#ﬁ$9
¡
0
¸
0BA
@
9
Q
B
=

9
Q
ﬁ
A
:<;
A A
ﬁ9
8
>=
1@?a1
#ﬁ8

9
@
L

!A
;
L

A
0
` =
 A 1

!@
Q
>=
'
L

:"9$:
L
;
Q#"

G
n$9D
G
 D
%

 ﬁ9
(
8

@
 


@
Q
#ﬁ  
L

9
8
>=#%@ﬁ
A
8
ﬁ
9
9(R
;
>=

¡0 3"0 `
  . .	   (.

+ 0 .
`
 

L.
`

 

ﬀ
LWL

B
ﬁ9
8 >=
;
@
#ﬁ$9>¢
" 
G
n$9D
G
 D
%
 

 


 "
B-



%
C


I&J

¡
0BA

` =

')2

± 

A
n°² 'ﬁ/	
;'*± 
 's±ﬂ²
"
B

C


@

@
>84
A 1
=

#ﬁ:
1

!A A
;

B
@1A
:
@
L
:<;
L
@

 Q
V
¸
#
X
ﬀ*>=

>=
ﬂ 8 @1A)!A
;
A) Q
ﬁ9>=ﬁ
A3A
>;
Q
;
@
9
Q
>=


!A
;
L

A @

J1
L
)
 Q
ﬁ984
8
;

¡
0 3"0
0
100
200
300
400
500
600
700
800
900
0 2 4 6 8 10
E [kV/cm]
σ σσσ
0  
[ µ µµµ
m
 p
er
 c
m
 d
rif
t]
Ar/CO2 (70:30)
Ar/CH4 (95:5)
i-butane
transverse diffusion
p = 1 bar

±0¯
  ! ?#

A
n°² 'ﬁ/	
;' *± 
 's±ﬂ²

"

±ﬂ²
"
/ '!"

 *
s± ﬁ  :M *

°,°A-')2


s±

2
';' 


 

~¯-°-'' 'ﬁ*±ﬂ,* ±'² 

± ' 


! #

± ' /@°2M

°-'   89


ﬁ


 ,* 
 

 °

#°2MP2
';' 

°
,

*±'²¯7 7 #°¥±ﬂ²  !
 
:<:*
Q
ﬁ9
8

>=
;
@
#ﬁ$9
¡
0BA
+
:9
Q
ﬁ6#ﬁ$9
A
B
ﬁ6>=
9

;
=ﬁ
8
=

L

:"9
Q
ﬁ
N
;
A
ﬁ$9
A
:
@
9 R
!@1A
ﬁ
L<;
*R
@
ﬁ9

Q
ﬀ*8M 
8
@1AP1

!A A
;

0~}

=
@>9
: =
A)
9 ﬁ
7
R;
@
9

+
 79
B
9 ﬀ*&ﬁ6
ABA

@
R
L

L

B
7 1

!A A
;


1

@
#ﬁ$9 V
¸X
ﬀ*@>=

=ﬁ
8
=
Q
ﬁ
N
;
A
ﬁ$9 8
!@1A
;

8

9
A
0
 
Q
>=
;
@



1

@
#ﬁ$9 :9
Q
ﬁ6#ﬁ$9
A
ﬀ*@>=

,/.0 @

¡
0
¡
+
A
¡
@
9
Q


8 R
@
B:;
L
Q
R

8
;
@

@
9
ﬂ
Q
0
 
8
!@1A
;

8

9 ﬀ*
9

;CL

B
1

!A A
;

	 A 8 R
@

 B
@1A1@?
:
L
;
Q

Q0Q
;

 >=
 A
8
@
LWL
9 ;?8 R

 >ﬁ$9ﬁ0 ﬁ9
8
:
LWL
ﬁ
A
ﬁ$9
A
ﬁ90>=
E=
;ﬁ6

*± M 
8
@1A 9

L
;?8

:>=
 ,/.0 @21
)>;

+
>= ;
A
L
ﬁ89ﬁ6#ﬁ9
8
>=
(NO
:"#ﬁ
9	,/.0
8
@
ﬁ9%
9 @
L
;
!A
R

L

B
A

0
K
;)>=

>84*

+
>=ﬁ
A
8
!@1A
;

8

9
B
@1A A)
#ﬁ$;
A
L<;
@NO
:"

Q
R
;
ﬁ$9
7

ﬂ
Q
R
@
:  
+

@
L
A)
L<;
ﬁ9?:
!@1A
ﬁ9
8
>=

9 ;?8 R

H :;?9
A
Q
;


A)
L

7,A
;
A

@
ﬁ9

Q
A
ﬁ
8
9
@
L

ﬂ
Q
R
@
:  0
 

@
>84
A 1
=

#ﬁ:
1

!A A
;

+
>=
;
L

:"9
Q
ﬁ
N
;
A
ﬁ$9 ﬁ
A
:9
A
ﬁ
Q


@
R
L<;


Q
;?:

Q
+
>= ;
A&@?
:
L
;
Q
ﬁ9
8
=ﬁ
8
=
9 @
L
;
!A
ﬀ*@>=


@
9
A 9

A)
Q
ﬁ
N
;
A
ﬁ$9 0
K
* >=ﬁ
ABA
>;
Q
;
+
>=


@
9
8

ﬁ9

>8

Q
ﬁ
@

 @
9
Q
L

B
Q
ﬁ
N
;
A
ﬁ$9
B
@1A
:
9


Q
B
ﬁ6>=
 
ﬁS
b
 
T
 T

¢


@
9
Q
 
ﬁS
b

J&
L

¢
¡



!A 1
:"#ﬁ
9
L<;
.:0 0e4
8
;

¡
0 3

0
 5L
>=;
8
=
1
;

ﬁ
7
R;
@
9
E1

9
ﬁ
Q
!A @
9
:9
9
A
8
@
LWL

Z
@
9
A 9

A)
Q
ﬁ
N
;
A
ﬁ$9
9 @
L
;
 @

@
>84
A 1
=

#ﬁ:
1

!A A
;

+
>=ﬁ
A
8
@1A
ﬁ
A
9
L<;
A
;ﬁ6

Q
ﬀ*
L

B
1

!A A
;

8
!@1A
;

8

9
A
Q
;

@>=

:8
1@

@
#ﬁ
9
L<;
=ﬁ
8
=

1

@
#ﬁ$9
9

L

@
8
!A
+

>=
;ﬁ$

Q
ﬀ*3=ﬁ
8
=
8
@
ﬁ9;
1

@
#ﬁ$9 0
#
b
 
 
 
`
.

¡
0
.KPKZ+
b
+ .
b
 
}
+
`
  .

.
b
` 
D( 

.
 
0 

+3KZ+
b  
`
+D(
Q Q TVU	
 
	


ﬃ !ﬃ
EV0ﬀEV043
 
:=8>
	@<
 
A @
9 ﬁ9
Q O1
9
Q 
9 8
!@1A
;

8

9
+
>=
c1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9
8 @
ﬁ9 ﬁ9
@
LWL
8 @1A)!A
B
@1A A
>;
Q
ﬁ
 Q
ﬁ9<»:<;

9
84
Q  ½
+
9
@
8

L<;
R
;


:*
Q
ﬁ9
8
>=

L

:"9 :<;

99 8
!A
=
0
J
@1A Q O1
ﬁ:"
 Q
ﬁ94
8
;

3"0
L

@1A @
 ;?9?:"#ﬁ$9 	>=
 @2131
L
ﬁ
 Q 
L

:"#ﬁ:d4

L
Q . "HG
$ E
@
9
Q
9*>8
@
L
ﬁ0 ﬁ9
8
ﬁ69Y>=

:<;

9
B
ﬁ6>=;
1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 0 ` =


!A
;
L

A @

/1
L
)
 Q
ﬁ9d4
8
;

¡
0
¡
ﬀ*'ﬁ
7
R;
@
9

ﬀ*
Q
ﬁ
NO


9
1

!A A
;
!A@
9
Q
ﬁ984
8
;

¡
0
¸
ﬀ*
 
ﬁS
b
  T @
9
Q
 
ﬁS
b
D
J 0
K
*
@ 8
ﬁ
9
9
8 @1A
+
>=

9
A)

@
8
1
L
ﬁ<4:
@
#ﬁ$9
A

@
)
A
ﬀ*
0,1
1
10
100
1000
0 50 100 150 200 250
Edrift/p [V/cm mbar]
Pr
ar
al
le
l P
la
te
 G
ai
n
 i-butane
50 torr
1.3 mbar
3.3 mbar
13 mbar
O%PRQ X ^RY	bW
1
10
100
1000
10 100 1000 10000
E2/p  [V/cm mbar]
Pa
ra
lle
l P
la
te
 G
ai
n
1.3 mbar
3.3 mbar
i-butane
OmU%QVe  ^RY	bW

±0¯
 !  ' 
$°U2KMg± 

°¥±ﬂ²{¯-°±'² / '!ﬁ :M *	:$°-' 
,*&±'²


ﬁ
² "*+*±'²1±0%8 °²ﬀ"!
1
10
100
1000
0 5 10 15 20 25
E/p [V/cm mbar]
Pa
ra
lle
l P
la
te
 G
ai
n
Ar/CH 4  (95:5)
p = 1 bar
Ar/CO 2  (70:30)
p = 1 bar

±0¯
  !J  ' 
$°U2KMg± 

°¥±ﬂ² ¯-°±'² / '!  :M *	: $°-' 
,* ±'²


ﬁ
² "*+®±'²
 

 
)
T
(0   ﬁ.3°²ﬀ*& 

 
)
PJ ( !  ;.3°R°A-')2


s±

2
';' 
"!
¡0
¡
0 `
  . .	   (.

+ 0 .
`
 
 
. 

L`

 
L
:*
!A 1
9
Q
ﬁ9
8
C

7 9 @
L
;
!A
0
 

B
:9

+
>=
A
L

1
ﬁ
A
9 ﬁ
Q 
9#ﬁ:
@
L
A
ﬁ9?:

ﬀ*
L

B
1

!A A
;

:9
Q
ﬁ6#ﬁ$9
A
>=
 8 @1A
ﬁ
A Q
ﬁ
L
;
 Q
+
>= ;
A A
ﬁ
8
9ﬁ<4:
@
9
L<;

 Q
;?:ﬂﬁ9
8
>=
1
*R
@
R?ﬁ
L
ﬁ6
;
ﬀ* ﬁ$9ﬁ0 ﬁ9
8 1
7:
!A A)!A @1A Q !A
:#ﬁ$R
 Q
ﬁ9
Q 

@
ﬁ
L

0
8
0ﬁ9 V
 
#
X
0
EV0ﬀEV0%/ 7<?> >@8 @< 8 @8  

	
   ﬁ   ﬁ  
	
     ﬁﬃ ! ﬁ 

+
9P4
8
;

0
 
+
>=
@?a1
#ﬁ8

9
@
L
Q @

@
>=

L

:"9 :
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
ﬁ9
 
8 R
@
 ﬁ
7
R;
@
9
@


1
L
)
 Q @1A @
 ;?9?:"#ﬁ$9 
 "HG
$ E 0 ` =
 ? 7,@ ?
ﬁ
A
ﬁ
A Q
ﬁ
9
ﬁ
Q  Q
ﬁ9'
B

A) 8
8

9
A
+
>=
ﬁﬀ Q
#ﬁ  ﬃﬂ
 8
ﬁ$9
B
=



>=

4

L
Q
ﬁ
A
U
L

B
ﬀ*
1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9
+
@
9
Q
>=
ﬀ 1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 ﬂ;
 8
ﬁ$9
+ZB
=


<
L

:"9
8B;
L
#ﬁ
1
L
ﬁ:
@
#ﬁ$90ﬁ9 >=
 1@

@
LWL

L
1
L
@


84
Q 

@!*!AJ1
L
@
:

0
D
9 >=


1 @ ?
ﬁ
A
>=
	1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9
9 @
L
;
!A @


9
 Q
+
ﬁ9
Q
ﬁ:
@
#ﬁ9
8
>=
@

@
 LMNM

2MNM 

#"ﬂ$5ﬁ
A

;
1
ﬁ:
@
LWL<;
*R
@
ﬁ9
 Q @

1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9

3

0
+
9>=
!A)
:9
Q
ﬁ6#ﬁ$9
A
>=
&NO
:"V]4

L
Q
L
ﬁ9
 Q 
ﬀ7:<;
A
ﬁ9
8
ﬁ
A
ﬀ;?9
Q
;R

84*

>=
@
9 :8
1
9
A @

 Q
R
;
>=
&@>9 @
L
@
9?: =
A

@
#ﬁ
A
#ﬁ:
A
0
 
0
0,2
0,4
0,6
0,8
1
1,2
1,4
1,6
0 20 40 60 80
Edrift/p [V/cm mbar]
A
bs
ol
ut
e 
co
lle
ct
io
n 
ef
fic
ie
nc
y
U(GEM) = 150 V
U(GEM) = 180 V
U(GEM) = 210 Vi-butane,p = 50 mbar
5515.5
 
2.4 2455.3
drift preamplification
1.3
preamplification factor

"&%
  !   8ﬁ'2M  :M 

A
$

2MNM 

#"ﬂ$ 

"ﬂ$

F / '!

!@ @
:G9<+ $ﬀ*+,*  

"&%


!@ @
/('2M',:
")$ 

G2
ﬃ'U2KM*" 

'#"ﬂ$ 
+%"0"! #

 
' LM ﬂ',:$ﬃ'-' 
,*,")$   ﬃ8-'
"0%8 +'$ﬀﬁ:.'
 '

/$

&325476P
 
ﬃﬂ 
U
ﬃﬂ 
 
ﬃ
(#

#0%1'")$ 5
 

 
 ;.2'



U
ﬃﬂ 
!

ﬁ89ﬁ
L
@
 8
!@1A
;

8

9
A
B



Q
9

ﬀ*
103
0
 @
9
Q
A

8 R
@
 0
K
ﬁ
8
;
ﬁ
0
# A
=
B
A
>=


!A
;
L

A
+
ﬁ9
Q
ﬁ:
@
#ﬁ9
8

@
>=


L
@

8

Q
ﬁ
NO


9?:
!A
Z>=


C

7 9 @
L
;
!A
+
@

B
=ﬁ: =  ;
LWL
:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
ﬁ
A

!@
: =

Q54
ﬀ8
@
R;
#


S%:<8 8 R
@

@

 
8 R
@

+
A*A

@
9
Q
323
 

S%:<8 8 R
@

@
J>=


!A 1
:"#ﬁ
9
1

!A A
;
!A
 A
 @
9
Q

0

8 R
@
 0 ` =
!A)

!A
;
L

A @


B

LWL
:9L4?>8

Q
R
;
>=
 0
9
@7
b
@

L

A
ﬁ8B;
L
@
#ﬁ$9
A
6
:0 0
A)
:"#ﬁ$9 3"0 387 0
 %
b
 
 
 
`
.


0
.KPKZ+
b
+ . 
b
 +
`
  .

.
b
` 
D  

.
 
0 

+3KZ+
b  
`
+D 
0,3
0,4
0,5
0,6
0,7
0,8
0,9
1
1,1
1,2
0 50 100 150 200 250 300
Edrift/p [V/cm mbar]
A
bs
ol
ut
e 
co
lle
ct
io
n 
ef
fic
ie
nc
y 
i-butane
p = 50 mbar
UGEM=210 V
GEM-gain=50
p = 3.3 mbar
UGEM=210 V
GEM-gain=2
p = 13 mbar
UGEM=120 V
GEM-gain=4

"&%
  !  8ﬁ'2M  :M 

A
$

2MNM 

#"ﬂ$ 

"ﬂ$

F4/ '!
 !@ @
: 9<+ $ﬀ*+,*4 ﬃ



"&%
  !@ @
/('2M'
( 2
ﬃ'U2KM*" 

'#"ﬂ$ 
+%"0 .

 "0%8 +'$ﬀ '  ! :  '$ﬀ*	 ﬃ8-'
!ﬃ#

 M*")$ﬀ'
32
'$

 
' LM ﬂ'
 

 $ %

'
HM 4' "0 LM '#"ﬂ$ 'n

	
  
ﬁ

ﬁ

ﬀ
R

ﬁ
	
ﬀ 
	
    
ﬁﬃ
! 
ﬁ


` =
1@?a1
#ﬁ8

9
@
L

!A
;
L

A
 >=
A,/.0
:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
ﬁ9
 
ﬁS
b
 
T
6
	
 
4
 
7
@

/1

!A)
9

Q
ﬁ9
4
8
;
 
0
L
ﬀ*>>=
ﬂ
Q
ﬁ
NO


9
,/.0 9

L

@
8
!A
0
0
0,2
0,4
0,6
0,8
1
1,2
4 5 6 7 8 9 10 11 12 13
Edrift/p [V/cm mbar]
A
bs
ol
ut
e 
co
lle
ct
io
n 
ef
fic
ie
nc
y
U(GEM) = 300V
U(GEM) = 350V
U(GEM) = 380V
1263.52.21.41.21.05 30010030
preamplification factor
Ar/CH 4  (95:5)
p = 1 bar
U(GEM) = 350 V
calculated
1k

"&%
  ! !  8ﬁ'2M 

2MNM 

#"ﬂ$ 

"ﬂ$

F ")$  8-'
( 

 
)
T
(0   ﬁ. 

&325476

ﬃﬂ 
  
ﬃﬂ 
 U
ﬃ
(#

# %1'")$ 
 
U
 
 ;.ﬃ/ '!

!@ @
")$ 

 2
ﬃ'U2KM*" 

'#"ﬂ$ 
+%"0ﬃ ﬃ%+


 /"0




' "0 LM '#"ﬂ$ 
' LM ﬂ'!
0

0 `
  . .	   (.

+ 0 . 
`
 
 
. 

L`

 
	
` =

 ;
LWL
:
LWL

:"#ﬁ$9
1
L
@

!@
; ﬁ
A

;
1
ﬁ:
@
LWL<;
*R
@
ﬁ9
 Q @

1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9

A
 
0
b
8
1@

 Q
B
ﬁ6>= >=
51

:9
ﬁ$;
A Q @

@
ﬀ*
L

B
7 1

!A A
;

ﬁ
7
R;
@
9

+
8
!@1A
;
 Q @

@
R;&>=
 A @
8
 ,/.0 8 @
ﬁ9

 
A
 
+
>=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
Q

!A
9
Q

1
R

L

B
 
ﬂ
0 ` =ﬁ
A
ﬁ
A Q
;

>=


@
:"@>=
@

8 @1A
1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9
@
>9
 @
>84
A 1
=



 
ﬁS
b
  T
6
	
 
4
 
7:ﬁ
A
ﬁ9ﬁ6#ﬁ
@

 Q @
>
@
>=


L

B
9 @
L
;
!A


C
 ﬁ9
:8
1@
#ﬁ
A
9
B
ﬁ6>=;>=
 8 @1A)!A&1

:9
ﬁ$;
A
L<;
ﬁ9
9!A
#ﬁ
8 @

 Q
0
 
L
!@1A)
9

>=
@
Vﬁ9 :9
@

;
<ﬁ
7
R;
@
9
&@

L

B
1

!A A
;

+
>=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
*+ 
 "ﬂ%

 ' '
B
=

9  ;)>=

:ﬁ9?:
!@1A
ﬁ9
8
>=
 1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9
@
R
9
 


0Z` =ﬁ
A7NO
:"
+2B
=ﬁ: =&
!A
;
L

A
ﬀ8
>=

: =
@
9
8 
ﬁ9

L

:"9
Q
ﬁ
N
;
A
ﬁ$9
B
ﬁ6>= ﬁ9?:
!@1A
ﬁ9
8
Q
#ﬁ   4

L
Q
6
4
8
;
 
0 387
+aB
ﬁ
LWL
R
 @?a1
L
@
ﬁ9
 Q
B
ﬁ6>=
@$A
ﬁ8
1
L

84
Q 
L
+
1

!A)
9
 Q
ﬁ9
A)
:"#ﬁ$9

0
 
0BA0

	
   ﬁ   
	
     ﬁﬃ ! ﬁ 

+
9P4
8
;
 
0
%
ﬁ67ﬁ
A A
=
B
91>=
@
Xﬁ9
 
ﬁS
b
D
J
6
L

4 

7
@

@
>84
A 1
=

#ﬁ:
1

!A A
;

6
L

B
Q
ﬁ
N
;
A
ﬁ$9
8 @1A
7>=

,/.0
:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;


8
@
ﬁ9
A 9

;%L

B
:9
9
@

9

;
=ﬁ
8
=
 "HG
$ E
C

9 @
L
;
!A
+
:*
!A 1
9
Q
ﬁ9
8

@ 1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 
@
:"*Z ;
1

#

0
+
 8
!@
9
A
>=
@
 ﬀ*Z>=ﬁ
A 8 @1A
>=
E1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 ﬁ
A
9
A
;

:ﬂﬁ

9	 :8
1
9
A @


ﬀ*

L

:"9
L

A A)!A
+
@1A Q O1
ﬁ:"
 Q A
: =

8
@
#ﬁ:
@
LWL<;
ﬁ9 4
8
;
ﬁ
0BA0/` =

84
Q 
L
ﬁ9
A)
:"#ﬁ$9

0
 
0BA
B
ﬁ
LWL
 ;)>=


@?a1
L
@
ﬁ9<>=ﬁ
A 1
ﬁ9 0
0
0,2
0,4
0,6
0,8
1
1,2
0 10 20 30
Edrift/p [kV/cm mbar]
A
bs
ol
ut
e 
Co
lle
ct
io
n 
Ef
fic
ie
nc
y 
60
preamplification 
factor: 
U(GEM) = 550 V
Ar/CO 2  (70:30)
p = 1 bar

"&%
  ! ﬀ 8ﬁ'2M 

2MNM 

#"ﬂ$ 

"ﬂ$

F7/ '!

!@ @
")$6

 2
ﬃ'U2KM*" 

'#"ﬂ$ 
+%"0 ")$% 

 
)
PJ
( !  ;. !G#

 
' LM ﬂ' '
 '

/$	

&325476 
  
ﬃ
(  %1'")$-.
'$ﬀ*



 ! 
ﬃﬂ 
!
+

A
=;
L
Q
R

9

Q
=



+
>=
@
 ﬁ6
B
@1A
9
1

A A
ﬁ$R
L

  ;)>=


@?
:
ﬂ
Q
>=
	1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9

@
:"* ﬁ9Z>=

Q
#ﬁ  
8
@21
+
A
ﬁ9?:

>=
ﬂ
#ﬁ8
!A
>=
 ,/.0
B
@1A
Q
!A

;

Q
B
=

9
1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 
@
:"*
A
L
@

8

/>=
@
9  A
 
B



*R
@
ﬁ9

Q
0
 
A @
:9
A)>=
;

9?:

U>=
1
U*/
@
9
A




:ﬂﬁ

9?:
;
+
>=
1


9#ﬁ
@
L
>=
c,/.0
;
131

A
ﬁ
Q

R

:
@
8
 9

;
9

8
@
#ﬁ
9
0
Y
ﬁ
A
: =
@

8
!A
ﬁ95>=
c,/.0
B



ﬁ9
Q
;?:

Q
+
A
8

#ﬁ8
!A
:9
9
1

1@
8
@
#ﬁ9
8

B
@

Q
A
>=

8
!A
=
0
I 08` =ﬁ
A
R
!@!
Q

B
9 :
@
;
A)
Q
@
:8
1
L



Q
!A
>;?:"#ﬁ$9 
>=
A,/.0
I
0

				ﬀﬁﬃﬂ !ﬁ"ﬃ#$&%')(
ﬀﬁ+*, -
#
b
 
 
 
`
.


0
.KPKZ+
b
+ . 
b
 +
`
  .

.
b
` 
D  

.
 
0 

+3KZ+
b  
`
+D 

;?8 8
@
#ﬁ   ﬁ9
8
>=
(@?a1
#ﬁ8

9
@
L

!A
;
L

A
*R
@
ﬁ9
 Q
ﬁ9
Q
ﬁ
NO


9
8 @1A)!A
+
ﬁ6
B
@1A Q 
849
A

@

 Q
>=
@

:9
Q
ﬁ6#ﬁ$9
A
:
@
9R

ﬀ;?9
Q
ﬀ*
!@
: =ﬁ9
8
A
 
ﬂ
:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
+
1

9
ﬁ
Q  Q
>=


@
9
A 9

A) Q
ﬁ
N
;
7
A
ﬁ$9%ﬁ
A ﬀ
=ﬁ
8
= ﬂ 0
K
*Vﬁ9

>8
 Q
ﬁ
@

 Q
ﬁ
N
;
A
ﬁ$9
9 @
L
;
!A
+
=ﬁ
8
= :
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
:;
L
Q
R


!@
: =
 Q
 
=
B
:9

+
ﬁ6
Q 


#ﬁ$*
@

 Q @
  ;)>=

 =ﬁ
8
=
9 @
L
;
!A

 "HG
$ E
C

@
9
Q @
&=ﬁ
8
=


,/.0 @
8
1
L
ﬁ<4:
@
#ﬁ$9

@
:"*
A
0
K
*
8 @1A)!A
B
ﬁ6>=
L

B
Q
ﬁ
N
;
A
ﬁ$9
+
>=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;


8
@
ﬁ9
 Q
L

BZ+
:9
9
@
 =ﬁ
8
=
1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 
@
:"*
A
0
Q  X~
 eU	
	 
 
 
W1KX!WZX 
W1 [X 
]\^W  
_W 

EV0 043 57698  < 8>
` =
 @?a1
#ﬁ8

9
@
L

!A
;
L

A
:
@
9R

B

LWL
@?a1
L
@
ﬁ9
 Q
R
;
@$A
ﬁ8
1
L

84
Q 
L
+
R
@1A) Q
9
A

@
#ﬁ
A
#ﬁ:
@
L
@

8
;
7
8

9
A
0
+
H>=


@
9
A 9

A) Q
ﬁ
N
;
A
ﬁ$9
@
9
Q
>=
	1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9
8 @21 @


L
@

8 4
9;
8
=
+
ﬁ6:
@
90R

@1A A
;?8
 Q
>=
@
:>=
A)
:9
Q @

;

L

:"9
A
+
:
!@

 Q
ﬁ9 >=
 1

!@
8
1
L
ﬁ<4
 Q
:
L
;
A



+
@

	>=
;ﬁ
Q
ﬁ
A
#ﬁ$R;
 Q
ﬁ94>=
 8 @1A9

L
;?8
 1


:
ﬂ Q
ﬁ9
8
>=
 ,/.0
6
*
@

L
!@1A

B
ﬁ6>=ﬁ9 9
'
L

8

9
@

;
:

LWL
7 0
+
94>=ﬁ
A
:9
Q
ﬁ
7
#ﬁ$9
A
+
ﬁ63:
@
9
@
L
A
&R
 @1A A
;?8
 Q
>=
@
>=
 A
ﬁ9
8
L
5
L

:"9 
@
9
A




:ﬂﬁ

9?:
;
M

G
+
8
!@1A
;
 Q
ﬀ*
@
8
ﬁ
9
9
&
ﬁ9 :
LWL

:"#ﬁ$9 84
Q 
+
ﬁ
A 9 @
L
ﬁ
Q
ﬀ*'>=

:9
Q
ﬁ6#ﬁ$9
A

1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9
@1A
B

LWL
0 ` =

9
+
B
ﬁ6>=
@ 1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 
@
:"*ﬀﬂﬁ
+
>=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
M
.ﬃ   D .1ﬁ
A 8
ﬁ
9
9YR
;
>=

ﬀ
LWL

B
ﬁ9
8
>=
;
@
#ﬁ$9
4
A 
M
.ﬃ   D .

6
A 
M

G
7"!$#
6

0 387
 

B
:9

+
:9
9 ﬀ* =ﬁ
8
=
7
Q
ﬁ
N
;
A
ﬁ$9
8
@1A)!A
+
>=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
ﬁ
A

9

!A
#ﬁ8
@


Q
ﬁ9
>=
;
@
#ﬁ$9
last preampli-
 fication step
mean free
path 
1.
2.
3.
4.

"&%
  !ﬂ0 



$

.'/('2M '$

")$8%$2


';'")$ 

2 '
 '2MNM :M % 2KM ' G"*+2


,,*")$8% 

=

#
'U2KM*" 

'#"ﬂ$ﬀ! #

$ﬃ'$ ﬁ
, 2 '

%"0/	' 

 '/	
 ' %+*" 'ﬁ+'$

489 ,$   "ﬂ$ "&%")$8%

2MNM*" ' "ﬂ$ '!

M 

A
$ ',:


ﬃ' ,*")$6

FM '-'ﬁ'ﬁ 32 ',: 9<2
 "ﬂ$

4$3M F'5'ﬁ '2MNM ')2
ﬃ'+*	: ")$

$A
 '-'ﬁ  7

-':M 

%
A
$ '


ﬃ' ,*
")$ 

 
;'ﬁ'ﬁ 32 '!

0 3
+
A
ﬁ9?:

>=
 A)
:9
Q
@

;

L

:"9
A@


:
!@


Q
@
L
9
8
>=

Q
#ﬁ  
8
@21 @
9
Q
>= ;
A

@>9
L
Q
ﬁ
NO


9
Q
ﬁ
A

@
9?:
!A
+
@?a1
#ﬁ

9?:ﬂﬁ9
8
@
Q
ﬁ
NO


9
A 1

!@
Q
ﬁ9(>=

L
@



@
L
Q
ﬁ8

9
A
ﬁ$9
6
@1A]9
ﬁ
A
;
@
L
ﬁ
 

Q
ﬁ9F4
8
;
 
0
	
7 0
  @
)#ﬁ:<;
L
@

L<;
+
A)
:9
Q
@

;

L

:"9
A
:
!@


Q
ﬁ9Y>=

L
@1A
 

B
1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9
A

O1A
+
:
L

A)

>=
P,/.0 @21
)>;

+
Q
$9 =
@>9 @$A
;

:ﬂﬁ

9
Q
#ﬁ  
L

9
8
>=<
@?
=ﬁ$R?ﬁ6
@ A
ﬁ
8
9ﬁ<4:
@
9
Q
ﬁ
N
;
A
ﬁ$9 0
K
*
0
 
0
0 D
Y
.

+  /,
`
  .V,/.0 .

.
b
`
 D 
b
DI.
b
`
+D  .KPKZ+
b
+ . 
b
  #
A
@
R

)


@2131

?
ﬁ8
@
#ﬁ$9 ﬀ*
>=
;
@
#ﬁ$9

0 3 >=


O1
L
@
:

8

9J ﬀﬂﬁ R
;
ﬀﬂﬁ
C
3 ﬁ
A 1

1

A) Q54
A 
M
.ﬃ   D .

6
A 
M

G
7"!$#
&J
6

0

7
` =
A1@

@
8



	 8
@
;
R

:9
A
ﬁ
Q 

 Q @1A @ ﬀ
4
1@

@
8



ﬃﬂ ﬀ*V>=
&@?a1
#ﬁ8

9
@
L
Q @

@
+

O1

@7
A)
9#ﬁ9
8
>=

9 ;?8 R

H
@
8
1
L
ﬁ<4:
@
#ﬁ$9
A

O1A
>=
@
3=
@>9
4R

9
 8
L

:"
 Q
0
+
9 :
@1A)
(9
Q
ﬁ
N
;
A
ﬁ$9
+
>=
 1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9
B
ﬁ
LWL
9:ﬁ9?:
!@1A)
>=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
+
@1A @
LWL
A)
:9
Q @

;

L

:"9
A
=
@>9 A
ﬁ89ﬁ
L
@

Q
#ﬁ  
1@
>=
A @
9
Q
>=



ﬀ*

>=
 A @
8
ﬀ Q !A
#ﬁ9
;
ﬂ
@1A
>=
/1
#ﬁ8
@

;

L

:"9 0
+
9>=ﬁ
A@?


8

:9
Q
ﬁ6#ﬁ$9
+
3 

ﬀﬂﬁ
@
9
Q >=
;
@
#ﬁ$9

0 3B:
@
9R


O1
L
@
:
 Q
R
;
M
.ﬃ   D .
 M

G
6

0
 
7
EV0 0%/ 
 
	@< <B=698
 @< B<:=698?8 8 < 8G:
ﬀ @1A) Q
;
1
9 >=

:9
A
ﬁ
Q 

@
#ﬁ$9
A*@
R
9
+ B

:
@
9
A 1
:ﬂﬁ 
;
>=

:#ﬁ6

#ﬁ$9 ﬀ*
ﬀ
=ﬁ
8
= ﬂ
@
9
Q ﬀ
L

B
ﬂ
Q
ﬁ
N
;
A
ﬁ$9
4
` %R

9

4 ﬀ8M>=
E1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9>=

8
@ ?
ﬁ8B;?8
A 1

!@ Q
>=
<
L

:"9 :
L
;
Q
+
ﬁ
 "

G
$9D
G
D
6
%7
+
=
@1A
@R

>=

*
Q 
7O>=
 ,/.0 1
ﬁ6>: =
+ﬃﬂ+
@1A
ﬁ6ﬁ
A(9
ﬁ
A
;
@
L
ﬁ  
 Q
ﬁ9 4
8
;
 
0BA

0
` =
 Q
#ﬁ  
Q
ﬁ
A

@
9?:

%4ﬁ
A @
9ﬁ8
1
*)
@
9>ﬁ9
1
;
1@

@
8



 ﬀ*>=

:
@
L
:<;
L
@
#ﬁ$9 0
+
9;;
8 
8


;
+
ﬁ
A
=;
L
Q
R


;
1
ﬁ:
@
LWL<; 
3
 
(
8 ﬁ9;*
Q 
Hﬁ9?:
!@1A)
:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
R
;
1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 0
high
diffusion
low
diffusion
w
drift 
distance d
w
GEM pitch g 

"&%!  !  #

 2 ' '" # $ ")$ % & $'")$8%ﬃ( M '# $ '2M ' "&%)  ( * :M+ ,'-$':M *"':M -'$  $( (

#
ﬁ0'! 7( 7- '$ 'ﬁ/. $;'$ / :M+ ,'-$ *" 
 ' "ﬂ$'$ﬀ* * " ﬁ%1';2 % !,)0 "0# $ "ﬂ$  ' + M '#%1 *" 
 ' "ﬂ$ﬂ-2" '
ﬁ

ﬂ
( ( 

# 2 "0#'2( . !
` =
E9 @
L
ﬁ
Q
ﬁ6
;
>=

84
Q

L
B
@1A

!A


Q
ﬁ9
Q
ﬁ
NO


9
@?a1
#ﬁ8

9
@
L
:9
Q
ﬁ6#ﬁ$9
A
+
@1A
Q
!A
:#ﬁ$R

Q
R

L

B
043ﬁ9?:
#M

G
ﬁ
A
9 8
!@1A
;
@
R
L

ﬀ* =ﬁ
8
=
Q
#ﬁ  4

L
Q
A
+
ﬁ10

0
@
R
9
>=

9
A)
J
1

!@
8
1
L
ﬁ<4:
@ 7
#ﬁ$9
+
>=
 9 @
L
;

8
!@1A
;

Q
@
	>=

=ﬁ
8
=
!A

Q
#ﬁ   4

L
Q
1
#ﬁ$*
@
8
1
L
ﬁ<4:
@
#ﬁ$9
6
B
=ﬁ: = ﬁ
A
>=

L

B
!A

M

G
8
!@1A
;

Q
7
B
@1A
;
A)
Q
@
9
Q
ﬁ6
B
@1A @1A A
;?8

Q
ZR

:9
A

@
9
@1A @
 ;?9?:"#ﬁ$9(
. "HG
$ E 065
A A
=
B
9
ﬁ9d4
8
;

3"0BA
 
+
>=
1NO
:">I4

L
Q
L
ﬁ9

Q

ﬀ7:<;
A
ﬁ9
8
ﬁ
A3A
8
@
LWL
ﬀ*3=ﬁ
8
=
. "HG
$ E 0
5
L
ﬁ
A
 
@
LWL
8
@1A)!A
;
A)
Q
ﬁ91>=ﬁ
A A
>;
Q
;
@
9
Q
>=

:*
!A 1
9
Q
ﬁ9
8
Q
#ﬁ  
1@

@
8




A @

 A
;?8 8
@
#ﬁ
 

Q
ﬁ9@
@
R
L
 
0BA
+
ﬁ
LWL
;
A

@
#ﬁ9
8
>=

:9
Q
ﬁ6#ﬁ$9
A
ﬀ*
ﬀ
L
@

8

ﬂ'*
ﬀA
8
@
LWL
ﬂ
@
9
A 9

A)
Q
ﬁ
N
;
A
ﬁ$9 075
A A
=
B
9 ﬁ9
4
8
;

0 3
+
>=
 9 @
L
;

ﬀ*:>=
 A 1
:ﬂﬁ<4:
@
9
A 9

A)
Q
ﬁ
N
;
A
ﬁ$9
"
B'9
L<;
89ﬁ9ﬁ8
@
LWL<;
9 @
#ﬁ
!A @1A @
 ;?9?:"#ﬁ$9
 >=
&@2131
L
ﬁ

Q
4

L
Q
ﬀ*'ﬁ
7
R;
@
9
 @
9
Q
5VﬁS
b
D
J
+
>= ;
A
9
L<;
>=

8
!@
9
9 @
L
;

ﬁ
A
8
ﬁ
9
9*=



0` =ﬁ
A
ﬁ
A
Q
ﬁ
NO


9 ﬀ*85VﬁS
b
 
T
+
>= ;
A
ﬁ9>=ﬁ
A
:
@1A)
>=

89ﬁ9ﬁ8
@
L
@
9
Q
8
@ ?
ﬁ8
@
L
9 @
L
;
 @

&A
=
B
9 0
#3
b
 
5
 
`
.  
0
.KPKZ+
b
+ . 
b
 +
`
  .I.
b
`
 D    .
5
0 I+3KZ+
b
5(`
+D 
*" 
 ' "ﬂ$ %1'-'AF,2& 
"
2 ! ';' ! 
1
  ' < ! M '# $ '2M')2 ! ﬃ'+*
B
V
(
85S%:<8
Q
#ﬁ  
X
V 8 R
@

X
V
(
8
X
=ﬁ
8
= ﬁ
7
R;
@
9

A



0

L %
 
A

   
 
3
 
ﬁ9

>8
 Q
ﬁ
@


5VﬁS
b
  T 
 
Z %
 
A
  
A
 
Z
3
%

A
8
@
LWL
5VﬁS
b
D
J 3
 
A
  
%
 
# ' 8@M+  ! ?# ' 8@M+ ( 	M '# $ '2M :M+ ,'-$ ')2 ! ﬃ'+*  ( 	( ! , %1'-'$ '	(8" ' '
*F # ( 2 "#'2(
( 

# '  '$ ,*2")$(8" ''
*F  '-'
ﬂ

i
(
 
EV0 0ﬀE 7< : -d< <B=698A8 T8 :  8   >j:=8&> 




ﬁ

ﬁ


 
N

	



	
    
ﬁﬃ
! 
ﬁ


+
9	4
8
;
 
0BA*A>=
	@?a1
#ﬁ8

9
@
L

L

:"9 :
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
ﬀ*ﬁ
7
R;
@
9

ﬁ9
@
LWL
>=
ﬂ 1

!A A
;
!A
ﬁ
A 1

!A)
9

Q
@1A
 ;?9?:"#ﬁ$90H>=
	1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 
@
:"*
6
:0 0
A)
:"#ﬁ$9

0

0BA(7 0
+
90>=ﬁ
AP1
L

+
>=

Q

:
!@1A)
ﬁ9 >=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
@

L

B
4

L
Q
A
ﬁ
A
89ﬁ6)

Q
+
A
ﬁ9?:
 @
LWL
Q
@

@ 1
ﬁ9
A
>=ﬁ
A


8
ﬁ$9
R

L
9
8
(>=
&A @
8
 ? 7 9 @
L
;
ﬀ
Aﬂ 0
0
0,2
0,4
0,6
0,8
1
1,2
1 10 100 1000
Preamplification factor
A
bs
ol
ut
e 
co
lle
ct
io
n 
ef
fic
ie
nc
y 
50 mbar
13 mbar
3.3 mbar
curve fit, N=0
curve fit, N=1
curve fit, N=2
i-butane

"&%!    8ﬁ'2M#  :M+ ,'-$ '2MNM+ ,'#"$   '" $'F / ' 2 ! ﬃ' U2KM*"  'ﬃ'#"$:2")$  : '$ﬀ*  
 ﬃ8-' "0%8 +'$ 
&325476 
0 
ﬃﬂ 

ﬃﬂ 
U
ﬃ
(#

# %1'")$  
 

 
;. '	 : .'$ﬀ*	  ﬃ8-',:
! ')2& ,'#"0/. :M FG# ( '2M*"ﬂ* '$ﬀ**1'-'( ,* M*")$ ' '! ( 8 :M+ ,'-$ '2MNM+ ,'#"$   '" $'F  $'#"$ '2 ! ,*"'# ,*
8F( 4' " U2KM+ 5'
+'#" '
#"'ﬃ'2M 	"*1 :M2 ! '$ $# ,* ")$ '$ ,'#"$ J 
ﬀ "ﬁ#")$8%( 5'$ ,'$ﬀ*1'ﬁF  :M+ ,'-$ '
'$! ﬃ'# ,* ")$ﬂ( M '-'
ﬃ  LM#" 2KM*"'ﬃ'#"$ '
# 32 (   2 ' ' " # $

A. 2 / "ﬂ*1 ' '2%!"* ' %! ,  " $ /"(
(  9<2& $ " " $+'2M! ' LMﬂ'
0
 
0
0 D
Y
.I+  /,
`
  .V,/.0 .I.
b
`
 D 
b
DI.
b
`
+D  .KPKZ+
b
+ . 
b
  # 
` =
 Q @

@ @
L
84
A
 
9

L
@21 @
9
Q
 ;
LWL
:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
ﬁ
A

!@
: =
 Q
+
ﬁ9
@
LWL
>=
ﬂ
:9
Q
ﬁ6#ﬁ$9
A
+
@2131

?
ﬁ8
@


L<;
@
	>=
 A @
8
P1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 
@
:"*V 3

+
A
ﬁ9?:

>=
 
L

:"#ﬁ:J4

L
Q A
ﬀ*
@
LWL
Q @

@
A)

A
B



: =
A)
94
!A
;
L
'ﬁ9
@
89ﬁ9ﬁ8B;?8 ﬀ*
M

G
@

@
R;
  
ﬂ
0
5
L
>=;
8
= >=


@
9
A 9

A) Q
ﬁ
N
;
A
ﬁ$9Pﬁ
A
=ﬁ
8
=

4R
;
@

@
:"*9
 
@

@61

!A A
;



0

8 R
@

:8
1@

 Q
@>=

9
 @

 
8 R
@

+
R>=
Q @

@ A)

A @

 @
L
84
A
J
9

L
@2131
ﬁ9
8
B
ﬁ6>=ﬁ9 >=
	
*JR
@

A
0
` =ﬁ
A

!A
;
L

A
;
8*8 !A

A
>=
@

@1A A
U9
@1A
>=
 A
ﬁ  

>=
'
L

:"9$:
L
;
Q
ﬁ
A
L
@

8 
7>=
@
9(>=

ﬁ9


7
=
L
@7
Q
ﬁ
A

@
9?:

+
>=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
:
@
9?9 R

ﬁ9?:
!@1A) Q @
9
;
 ;)>=

 0
K
8 >=
 A @
8
 Q @

@
B

L
!@
>9%>=
@
5>=

84
Q 
L
4
A
R
!A

B
=

9 ;
A
ﬁ9
8
ﬀﬂﬁ
C
3
+
9
@
8

L<;
B
=

9 >=

L
@1A

@
8
1
L
ﬁ<4:
@
#ﬁ$9
A

O1
ﬁ
A
ﬁ9
Q ﬂ Q
9
 8
L

:"
 Q
6
>=
;
@
#ﬁ$9

0

7 0



 ﬁ  ﬁ 

  N ﬁ

ﬀ R  ﬁ
	
ﬀ 
	
     ﬀ

 ﬁﬃ ! ﬁ 

` =

:9
Q
ﬁ6#ﬁ$9
A
ﬁ9 5VﬁS
b
  T
6
	
 
4
 
7
@

@
>84
A 1
=

#ﬁ:
@

A9

;
ﬁ9


!A
#ﬁ9
8
ﬀ*5
!A
#ﬁ9
8
>=

84
Q 
L
+
A
ﬁ9?:

>=
	9 @
L
;

ﬀ* ﬁ
9 @
#ﬁ
!A
ﬁ9
B
ﬁ
Q 

@
9
8 
+
R

ﬁ9
8
L
@

8 
 >=
@
90>=
8,/.087 1
ﬁ6>: = ﬀ*
L

B
4

L
Q A
+
=
B
:9

A
ﬁ
8
9ﬁ<4:
@
9
L<;
A
8
@
LWL

 ﬀ*3=ﬁ
8
=E4

L
Q A
0
` =

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
Q @

@
ﬀ*
&  
 

ﬁ
A A
=
B
9&ﬁ9A4
8
;
 
0BA3
@1A @
 ;?9?:"#ﬁ$9 >=

1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 
@
:"* 0
D
9%9

=
@
9
Q
ﬁ6
B
@1A A
=
B
9
6
A)ﬂ
4
8
;
 
0
L
7>=
@
	>=
 Q
ﬁ
N
;
A
ﬁ$9%ﬁ9 >=ﬁ
A
8 @1A
ﬁ
A A
;

:ﬂﬁ

9X@
!@
: =
@
:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
 A
 
ﬂ
+
:9
9
@
:
@
>=


L

B
,/.0 8 @
ﬁ9
A
0
+
9(>=ﬁ
A

@
9
8

+
>=
;
@
#ﬁ$9

0

B
ﬁ6>=
@ A
8
@
LWL

6


A(7ﬁ
A
B

LWL

O1

Q
;?:ﬂﬁ9
8
>=

Q
@

@
+
@1A3A
=
B
9 ﬁ954
8
;


0BA3"0
D
9Z>=

>=

 =
@
9
Q
+
@1A @

!A
;
L
 >=

Q

:
!@1A
ﬁ9
8

@
9
A 9

A)
Q
ﬁ
N
;
A
ﬁ$9
B
ﬁ6>=&ﬁ9?:
!@1A
ﬁ9
8
4

L
Q
+
>=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
Q



#ﬁ$*
@

!A
B
=

9
8
ﬁ9
8

9

;
=ﬁ
8
= 4

L
Q
A
6
Q
@

@ 1
ﬁ9
A @


"HG
$ E

A


S%:<8 8 R
@

+
ﬁ9 4
8
;
 
0
L
7
@
9
Q
>= ;
A
L
@

8
 1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 
@
:"*
A
6
ﬀﬂﬁ

A
 
+
L
@1A

Q
@

@ 1
ﬁ9
A
ﬁ9 4
8
;
 
0BA387 0
+
9 >=ﬁ
A


8
ﬁ$9 
1
U*
Q
ﬁ
N
;
A
ﬁ$9
6
"

G
$9D
G
D
 A
 
(
8
7
+
A
8
@
LWL
9 @
L
;
!A
ﬀ*	>=

4
1@

@
8



 
Q
 9
!ﬃ?
:"H>=
1@?a1
#ﬁ8

9
@
L
8

@21
=
@
9
;
84*

0
0,5
0,6
0,7
0,8
0,9
1
1,1
1,2
1 10 100 1000
Preamplification factor
A
bs
ol
ut
e 
co
lle
ct
io
n 
ef
fic
ie
nc
y
experimental data
curve fit, N=0
curve fit, N=1
curve fit, N=2
Ar/CH 4  (95:5)
p = 1 bar

"&%!  8ﬁ'2M# " :M+ ,'-$ '2MNM+ ,'#"$  '" $'F / ' 2 ! ﬃ' U2KM*"  'ﬃ'#"$: ")$% 
 
)
T
''ﬁ 	%
')2 ( $ "' 2 ! ';' ! 
&325476  
 
ﬃ
:*' ! ')2$ﬀ*")$8%   

# %1'")$ U :



A
ﬁ
 
ﬃﬂ 
' 	

ﬀ "ﬁ#")$8% ( JM '-'
 ' U2KM*"  'ﬃ'#"$ '
# 321( 

A. 2 / "ﬂ*1 ' ' %!"*.' %! ,  " $ /"( (  9<2& $ " " $+'2M
! ' LMﬂ'
# 
b
 
5
 
`
.  
0
.KPKZ+
b
+ . 
b
 +
`
  .I.
b
`
 D    .
5
0 I+3KZ+
b
5(`
+D 



 ﬁ  ﬁ 

  N  R
	
  
	
     ﬀ

 ﬁﬃ ! ﬁ 

` =
 A
ﬁ  

ﬁ J>=
9
L

:"9 :
L
;
Q
:
L

A)
 >=
E,/.0 A
; 
@
:

ﬁ9 5VﬁS
b
D
J
6
L

4 

7	ﬁ
A
R

L

B
>=

,/.0 1
ﬁ6>: =
ﬂ
ﬀ*:>=
'
9#ﬁ$

4

L
Q

@
9
8 
0Z` =



ﬀ*

+
1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9&ﬁ94>=ﬁ
A 8 @1A
ﬁ
A
9
@?a1
:"
 Q


9?=
@
9?:

>=

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
+
@1A Q 
849
A

@

 Q
ﬁ9 4
8
;
 
0BA
@
9
QQ !A
:#ﬁ$R
 Q
R
;
>=

L
ﬁ89ﬁ6
M
.ﬃ   D .
 M

G
0
0
0,2
0,4
0,6
0,8
1
1,2
1 10 100
Preamplification factor
Co
lle
ct
io
n 
ef
fic
ie
nc
y
experimental data
curve fit, N=0
curve fit, N=1
curve fit, N=2
Ar/CO 2  (70:30)
p = 1 bar

"&%! ! 8ﬁ'2M# " :M+ ,'-$'2MNM+ ,'#"$   '" $'F / '?2 ! ﬃ' U2KM*"  'ﬃ'#"$: ")$  
 
)
PJ''ﬁ 	%
')2 ( $ "'?2 ! ';' ! 
&325476 
   
ﬃ
: ' ! ')2$ﬀ*")$8%  
'%

#0%1'")$   :



 
ﬃﬂ 
' 	
 
&  ( EM  *" 
 ' "$  (8" 'ﬁ%1'-',: ( 8  '
   " '* 8  ")$8% /. $ﬁF M '#%1  $ ( $  *-',: ( 
*" 
 ' "$ " 'ﬁ$ '   '" $   ")$'$! ﬃ'-'$ 	( '2MNM+ ,'#"$  '" $'F 0( $ 'HM*"&% (  M F 2 ! ﬃ' U2KM*" ﬁF ")$8% ( 
2  "  'ﬁF  :M+ ,'-$ '
Q 	    T

+

B
@1A A
=
B
9;ﬁ9;>=ﬁ
A
: =
@21



+
>=
@

@
 ;
LWL
:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
ﬀ*
A
ﬁ9
8
L
1
L

:"9
A
:
@
9R

8
;
@

7
@
9
ﬂ
Q
@
L
A
 ﬀ*
@2131
L
ﬁ:
@
#ﬁ$9
A
+ B
=



L
@

8

4

L
Q
A @



>=
;ﬁ$

Q
ﬁ9;>=

8
@1Af9

L
;?8
 1


:
ﬂ
Q
ﬁ9
8
>=

,/.0
03` =


!A
;
L

A
:
@
9R
&A
;?8 8
@
#ﬁ
 

Q
@1A
ﬀ
LWL

B
A
4
  ` =

:
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
ﬀ*
A
ﬁ9
8
L
'
L

:"9
A
:
@
9(R
 A
ﬁ
8
9ﬁ<4:
@
9
L<;
ﬁ9?:
!@1A)
Q
+ B
=

9

"HG
$ E ﬁ
A
ﬁ9?:
!@1A)
Q

9 @
L
;
!A
+>B
=



8
@1A
8B;
L
#ﬁ
1
L
ﬁ:
@
#ﬁ$91ﬁ
A
ﬁ9
Q
;?:

Q
ﬁ9 >=

Q
#ﬁ  
8
@21
0 ` =
!A) A)
:9
Q
@

;

L

:"9
A
+
ﬁ  84
9
ﬁ9
8
ﬁ9
Q
O1
9
Q

9
L<;
ﬁ9>=

8
@1A
+
Q

A
ﬁ
8
9ﬁ<4:
@
9
L<;
ﬁ9?:
!@1A)
>=
F1
*R
@
R?ﬁ
L
ﬁ6
;
 =
@>9 @

L
!@1A
49

'>=

8

9

#ﬁ9
8
>=
D,/.0 @21
)>;

0
Y
=
@>9 A
=
B
9C>=
@
(>=ﬁ
A
1
*R
@
R?ﬁ
L
ﬁ6
;
ﬁ9
9 @
#ﬁ
@
R
L<;

!@
: =
!A
A
 
ﬂ
+
ﬁ 	>=
 
L

:"9
A

@
9
A 9

A)
Q
ﬁ
N
;
A
ﬁ$9
A @
#ﬁ
A
4
!A
>=

:9
Q
ﬁ6#ﬁ$9Y>=
@
 >=

L
@



@
L
A 1

!@
Q
>>=

L

:"9 :
L
;
Q
@?
:
ﬂ
Q
A
>=
 ,/.087 1
ﬁ6>: = 06` =ﬁ
A
A 1

!@
Q<Q
O1
9
Q
A
9>=


@
9
A 9

A)
Q
ﬁ
N
;
A
ﬁ$9
@
9
Q
>= ;
A
9>=

8
@1Ac1

1
)#ﬁ
!A @
9
Q
>=

Q
#ﬁ  
L

9
8
>= 0
+
:>=

:9
Q
ﬁ6#ﬁ$9 ﬁ
A
9
A @
#ﬁ
A
4

Q
+
ﬁ6@ﬁ
A
9
1

A A
ﬁ$R
L

 ﬁ8
1

9
>=
4
:ﬂﬁ

9?:
;
R
;
ﬁ9?:
!@1A
ﬁ9
8 
"HG
$ E 0(` =ﬁ
Af1
#ﬁ9?:ﬂﬁ
1
L

ﬁ
A
Q

849
A

@


Q
ﬁ984
8
;
!A 
0BA*A
+

0BA3
@
9
Q

0BA

0
0
 
0 3
  0D0
5
    #
 
  5
A
ﬁ8
1
L
 A

@
#ﬁ
A
#ﬁ:
@
L
84
Q 
L
A
;?:<:
!A A
 ;
LWL<;
@?a1
L
@
ﬁ9
 Q
>=


!A
;
L

A
 :
LWL

:"#ﬁ$9

:ﬂﬁ

9?:
;
;?9
7
Q 

1

!@
8
1
L
ﬁ<4:
@
#ﬁ$9 0
+

A
;
131
*)
A
;;?9
Q 

A

@
9
Q
ﬁ9
8
X>=


L
A1
L
@
;
 Q
R
;
>=
&
L

:"9

@
9
A 1
*)
1@

@
8




A
+
@
9
Q 1@
)#ﬁ:<;
L
@

L<;
>=
 Q
ﬁ
N
;
A
ﬁ$9 0
 
0
9

b
@

L

A
ﬁ8B;
L
@
#ﬁ$9
A
R
@1A) Q
9
0
5
 .
+
0
5
, ﬀ>D
`
@
9
Q ,
5
 UKZ+ .
Y
A
 
B
@


1@
:
!%@ 8 !A
B



ﬀ;?9
Q
ﬁ9
8
U
Q @ 8

ﬂ
8

9
B
ﬁ6>=>=
1@?a1
#ﬁ8

9
@
L
Q @

@
0
+
 =
@1A
	R
:
8
1
=
@1A
ﬁ  
 Q
=



+
>=
@
 >=ﬁ
AI1
7:
 Q
;

:
@
9?9 R
 @2131
L
ﬁ
 Q

,/.087 Q 


:"*
A
;
A) Q
ﬁ9 =ﬁ
8
=4
@


=
@ Q
9ﬁ:R
!@
8
A
075
A7@?a1
L
@
ﬁ9
 Q
ﬁ9
Q 

@
ﬁ
L
ﬁ9 : =
@21



 
0
 
+
>=

L
@

8 
9 ;?8 R

X =ﬁ
8
=
L<;
ﬁ$9ﬁ   ﬁ9
8 1@
)#ﬁ:
L
!A
B
;
L
Q
ﬁ8 8
 Q
ﬁ
@


L<; L
!@ Q


L

:"#ﬁ:ZR
!@! Q

B
9
A
R


B
ﬂ
9;>=
 ,/.0 @
9
Q
>=

Q
#ﬁ  

L

:"
Q 
0 ` =ﬁ
A
8

>=
Q
ﬁ
A
=ﬁ
8
=
L<;

:ﬂﬁ

9 ﬀ*
@
LWL
@2131
L
ﬁ:
@
#ﬁ$9
A
+2B
=


 A
ﬁ9
8
L

L

:"9
A
=
@>9
ZR
 Q 


:"
 Q 9

;
0
+
9(>=
!A)
:9
Q
ﬁ6#ﬁ$9
A
+
>=
 1@

@
LWL

L
7 1
L
@


84
Q  
3:9
9
@
 =ﬁ
8
=
@
8
1
L
ﬁ<4:
@
#ﬁ$9

@
:"*
A 

ﬁ
A @$A @



1

@
#ﬁ$9*84
Q 
0
# #
b
 
5
 
`
.  
0
.KPKZ+
b
+ . 
b
 +
`
  .I.
b
`
 D    .
5
0 I+3KZ+
b
5(`
+D 
 ﬀ
	 

  
  
 ﬃ


	!D  ﬃ	^D 
"
ﬃ &$  

  	

 
  
 ﬃ #  D 
"
ﬃ &$  
+ % "(8M . '$ﬀ* '#" $', 	
$(8")$8% " ' " 
-';' "@M+  -
6
@
ﬁ
A @!
;
+ !* Q @
7
+
9 84
Q 
>9 =ﬁ
8
=

9


8
;
@?a1
#ﬁ8

9
A3@
 =
@ Q
9
@
:<:

L


@
*
A
>=


>=
;ﬁ$

8

9
A
9%
@
:
!
ﬁ9
8
Q 


:"*
AB@

d9

;
Q 
8
@
9
Q
ﬁ9
8
+
!A 1
:ﬂﬁ
@
LWL<;
B
ﬁ6>= 
!A 1
:"& >=


@ Q
ﬁ
@
#ﬁ$9 =
@

Q
9
!A A
+
L
9
8


>8
A

@
R?ﬁ
L
ﬁ6
;
@
9
Q A 1@
#ﬁ
@
L
@
9
Q


8
1
*
@
L

!A

L
;#ﬁ$9
@
)#ﬁ$R;
!A
0
+
9 >=

ﬀ
LWL

B
ﬁ9
8
: =
@21



+
>=
 Q :9
L
7

1
8

9@
,/.087 0
3
,
b Q 


:"*
A
ﬀ* >=

ﬁ9?9

@
@
:
!
ﬁ9
8 A
;
A


8 >>=
  	

@ 7 ﬀ]7 .Z?a1
#ﬁ8

9
@


.
3
    @
8 R;
8
ﬁ
A
Q
!A
:#ﬁ$R

Q
ﬁ9
Q


@
ﬁ
L
+

L
;?:ﬂﬁ
Q
@
#ﬁ9
8
>=

: =
@
LWL

9
8
 @
9
Q
>=

Q
ﬁ

:<;
L
#ﬁ
!A
ﬁ9
Q
:9
L

1
ﬁ9
8
0
ﬁ:
  @
)

>9
, @1A




:"*
A
ﬀ*3=ﬁ
8
=

9


8
;
@?a1
#ﬁ8

9
A
0
5
A
=*)
A
;
9
;
/>=
  	

@ 7 ﬀ @?a1
#ﬁ8

9
+
>=

Q



:"*
@
9
Q
!A 1
:ﬂﬁ
@
LWL<;
>=


@
:
!
ﬁ9
8
A
;
A


8
ﬁ
A
8
ﬁ
9
9 4?
A
 0 ` =

8
@
ﬁ9Yﬁ
A A
;
!A @


>=
@?a1
#ﬁ8

9
@
L
8

>=
Q
A @
9
Q
>=


>=
;ﬁ$

8

9
A
ﬀ*Z>=


@
:
!
ﬁ9
8
Q



:"*
A
0
~SR TVU	
 [Xb [X  eU	
  
ﬃ X ﬃ 
 ﬃ 

` =
  	

@ 7 ﬀ]7 .Z?a1
#ﬁ8

99ﬁ
A
Q
!A
ﬁ
8
9

Q
 8
!@1A
;

>=

b
 Z7 9
ﬁ$
L
@
#ﬁ$9 ﬁ9P>=
ﬁﬀ/7
8
!A
9
A
;
A


8
+
B
=



>=

b
 9
ﬁ$
L
@
#ﬁ9
8
NO
:"
A@

F1


Q
ﬁ:"

Q
=R

L
@

8

:8
1@


Q
;>=
4NO
:"
A
ﬁ9

0
8
0O>=

!%@
9
A
;
A


8ﬃﬂ 0
+
9 >=

ﬀ7:<;
A
7ﬁ9


!A
5ﬁ
A
>=
BA

7
:
@
LWL

Q
ﬀ
8

L
Q
7 1
L
@


Q
7
: =
@
9?9

L
ﬂ
+LB
=ﬁ: =
1

9
ﬁ
Q
!A
@_9

;
:
L
!@
9 8
!@1A
;

8

9J >=

b
 Z7 9
ﬁ$
L
@
#ﬁ$9
4
ﬀ ﬀ
! #"%$'&)(


 +*,-*/.102,304.
6
 
0BA(7
+
9 >=ﬁ
A

!@
:"#ﬁ$9
+
L65
A

@
9
Q
A
ﬀ*
@
9

L

:"9%7
1

A
ﬁ69*
@
8
;
9
1@
ﬁ$ZJ>=

"%$'&
Q

:
@
;
0 ` =ﬁ
A
@?a1
#ﬁ8

9 ;
A)!A
>=

	
3

,5i 
9


8
;
1
95R
!@
8
@


.
3
  @1A @ﬀ]7

@
:"*
;
0

ﬁ6>=
@
9 ﬁ9


@
:"#ﬁ$9

@



 

0  
 
6
:*
!A 1
9
Q
ﬁ9
8

@
9
@>9

@
8


 
ﬁ9


@
:"#ﬁ$9
AI1
 R;?9?: =&:
A A
ﬁ9
8
7
+
@
R
@
9?: =ﬁ9
8

@
#ﬁ$9
"98 8
 A

.;:
@
9
Q
;
8
=
L<;
A
=<
A

Q
@

@

@!
ﬁ9
8
@
;
!@

+
;
1
A
>
ﬀ]7
8
!A
9
1@
ﬁ$
A
:
@
9=R

1

Q
;?:

Q
ﬁ9 :
LWL
ﬁ
A
ﬁ$9
A
B
ﬁ6>=
@
9=ﬁ9

>9
@
L
B
ﬁ$


@

8


1

;
!@
 0
-?A@ TVUCBEDFBHGIBW4G XKJ
5> 4?
A

A
ﬁ
8
=
+
>=
  	

@ 7 ﬀ
Q



:"* 
!A)
8 R
L
!A @
:9
9
9#ﬁ$9
@
L
ﬀ*
B
@

Q
A 1
:"8



 0C` =
c1
9
R
!@
8  >=
   . 
5

L

:"9
7 1
9 :
LWL
ﬁ
Q

>ﬁ
A
Q
ﬁ$

:"

Q
9
@
4
?
Q
9 ;?:
L

;
A

@

8

 0` =

:
@
R9

@

8

J4?R


A A
;;?9
Q
>=

R
!@
8 :*
 @
9
Q
@


84
9
Q
ﬁ9
A
ﬁ
Q


A
:
@
>: =
1
9
A
H>=

R
!@
8
=
@
L
 0

;

1>=
@?
:

LWL

9
=
;
@
L
ﬁ6
;
!>=
3  . 
5
7
R
!@
8
+
@
L
A
 >=

;

>84
A

1
9
A
!>=

8
@
ﬁ9
ML (+ﬂﬀ
	  %ﬀﬁ%&%ON(HPRQTS 	&! %'&% (+  %ﬂ !ﬁﬂ  ﬃﬂ	 (
ﬁU  %ﬂ (+&% ﬀﬁ/V	&AUKW ﬀYX  %!ZH[I\ Z
[
  ]&%ON$ %ﬂ (HPRQ9^_S 	&! %   %!W 4`  %ﬂ 	aX (ﬀﬁcb *edgfYh

	
 
b
 
5
 
`
. 
 
 
`
  .   . 
5
7 ﬀ]7 .  (.  + 0 . 
`
R
!@
8
@

 A
:
@
>: =
 Q

1

9
ﬁ
Q 
>=


>=
;ﬁ$
 Q
  
0  
  ﬁ9


@
:"#ﬁ$9(
@


 
 

B
:9

+
>=ﬁ
A(1
7:
 Q
;

@
LWL

B
A  	

@ 7 ﬀ
@
1

@


B
ﬁ6>=;
@NO
:"#ﬁ9
8
*
Q
ﬁ
A
>;R?ﬁ9
8
>=

>=


@?a1
#ﬁ8

9
A
L
7:
@

 Q @
:>=

  . 
5
7
#ﬁ9
8
 
5
A
ﬁ
Q @7 9
ﬁ

B
 >=
 Q 


:"*>ﬁ
A3A
=
B
9;ﬁ9d4
8
;

 
 
A
 
Ring Imaging
Cherenkov Counter
250 mrad
220 mrad
Magnet
Si-Strip 
Vertex
Detector
Calorimeter
TRD
Muon Detector
Target
Wires
0 m5101520
Proton
Beam
Electron
Beam
Vertex Vessel
Inner / Outer Tracker
Particle-ID Track- and
impact measurement
top view
Hera-B

"&%! 	!     " 
  ( * $ ' *1 # ,' 
` =
1
!:
A


!:9
A
;?:

9ﬀ 8B;
L


1
L

1
8
@
;
9

ﬁ
:
A @
9
Q

@ 1

A A
$R
L

A
!:9
Q
@
;
9

ﬁ

?


L

A
9

=
9

ﬁ

?
Q


!:


 A
;
A
!8ﬃﬂ7:9
A

A
9ﬀ
A

9
!9
A
;
1

 7
L
@
;

>A

A

L
:9
A

1
Q


!:


>A
@ "!
:<8
>@
Q
;
A


8

=ZR#
@
8
L
9
 
` =%$
>@
	

B



A3@
9
Q

=
9

ﬁ

?
Q


!:


3@

1
L
@
:
Q
9
@_9 @
:<;?;?8
>@
9
!
ﬂ

=
9

ﬁ

?E9

A A

L
 
&


=38'8'!9

;?8 8'
@1A
;

!8'!9

ﬂ

=
>@
:
!7A @
>R#!9

=


 
9
>@	()(
;+* ;

= 4,
()-

@
6
B
@
8
7
8
@
9


@
*
;


 
$ `
 
` =
-


!:


 @
:<:
1>@
9?:.9

=
*
!9
-
9
1,(@
9/10
 
8
>@	-
;
@>@
9


A
@ﬃ(@
	
@
:<:
1>@
9?: 2
3
=
>@
:
!7A


8

=
ﬀ
	
()-
!9
-
!:
@
;
ﬂ
 
` ='
>@
9 ;
(@


;


=
>@
:
!
9
A
;
A
!8
9 @

A
B


=

=
-

A>@
9?:45

=
*

@
8ﬃﬂ

= ;
A
8
1,(
;
9
-
657

!9
8
!: =?9
=
;
A
2
/-
657

!9

>@	-

@	(
9


 9 @	(A9
9
@
8'
(
;
8::


1@ ﬁ


9
-


!:


>A
2
;
=9?9
@
9
-<-
 
;
;
*

A
9
@
=9
;
:8
*
A
;?:

;

 2
=
=>;


Z1@ﬁ>A
 
5
()(?>@
:
!

>A @
8

;
1

-4
		

=

9
A
;
1

 7@(@
;

>A @	(
9

=
*

@
8
(
9
@
9
- @	(
8'
A
=
@	(
A

=!8
@

1,(@
:
-
9
A

-


=&8
@
9

 
` =
1@ﬁ
:
(

-
!9

<4:
@ 
9<9

=BC
>@ 7 ﬀ

?a1


8'!9


A8-
9
* ;
2;
8-
657

!9
A
;
*
A
;
A
!8
A
ﬂ

=
 
9
+
8
@
D9
b
=

!9
!

9
b
;?9



6
  +
b
B 7Eﬂ

= `
>@
9
A


9
 3@	-

@ 
9



!:



6
`
 

7Eﬂ

=
.F(
!:

8
@
9

:
b
@	(


8'



6
.
b
5

7
@
9
-G
=
0
;93
;
A
!8
 
` = 8'
@1A
;

!8'!9


@ A
9<4:
@
9


"
57!:



=
b
 Z7 9

(@ 
9
6
ﬀﬁ-
!:
@
;
@1A
;
8 8'

;
ﬂ 7


=
;


A @
*
;
'!
  
	
()-
!9
-
!:
@
;
A
 
,

9
!9

=
(

B
:


A A A
!:

9 2
%H H
F9
(
;
!

.;:
@
9
-I
=
9


;
;?9 
@>9

>@
*
(

*
>@
9?: =9
>@ 
 2
1
=J	
()-
!9
-
!:
@
;
A

!

.LK
@
9
-
49
@	()(
;
@
93
9

>@	()( @
:<:
1>@
9?:
(

A A
9

=
-


!:




!

B
 =
@>9



-
M;
 @
*
;

9N	
()-
!9
-
!:
@
;


8
!

ﬂ@O

9
!9
>A A
!9G9

=
-


!:



 
` =
A>

=
;


A@_9


;

@1A3@
9
-


:!9
8
		
 A
;
A
!8
 
&
;
ﬁ
=

8'

	ﬂ
B
4
?a1
!:
 @
: =
@
	
-E1@ﬁ
:
(

>@ 
4

;=
(
;
!

K
$ P
O
1@ﬁ
:
(

A&1


8 8
O
@
9
-
A
!:9
-
ﬂ
B
=


 

A=
=
1

[1
!9
-
:<;
(@Q-

A>@
9?:



=
*

@
8
(
938'
@1A
;


-
9$:!9

8'



 
. A 1

7
  

 
`.B
. +    . 
`
 
5
b
 J+  /,
3 3L`
.0

!
 
()(
;
2
F
N	
 -


 



 

1

A



'


9


;



  
 
(



-



-



-


	ﬂ

(

'


?

(



9

(
;
  


-
* ;

3
9


B


(

:
*
 
!


  
-	1

ﬁ
 
(




%

4
?a1



'

 
-? Q TVUCBCB)J T JfWﬀﬂﬁﬃ! ;GIB#"

 









 
*
?

ﬂ$
*
 
%

('&

&

()(L
 
!$

&1
3	
()-

-
  
;
1

( 
  
:
4	


 
!


;


ﬃﬂ)
(6
  
:





(
 
9



-


"
%

*
()(
 

1



-ﬀ
ﬀ
 

 

 


 
 
!


;



 
`

:	
3
 
!

-


 





:


()(

-

!

-
657


J1







(



*


1

1
	ﬂ  


& 





7
 
()(

-,ﬀ+

1

 7@(

;


ﬂ  




&

9



(

(

(

;



-
 
9


,



&
 
 
.-
 
 
/

  
-+

*


1

1

 
`



 


 1

-	A
0*
(
.
&
  
1
  
*


B

!





-

- !
 




-



*
?

  

 
21435176 8,9;:=<:	>0 ?<: @: 
`




=
 


'
A&

>
%	
8
 
!

%
;


B



 
*
*

   
-
*

(

B
4
C `


-


 


2

9



B

	

-

1

ﬁ
 
(
ED 
?

&

1'
ﬀ0F-
!
HG
1

ﬁ
 
(


7H
*
:O

 





 
1







' 
& JI
 
;


ﬂ


-









ﬃ
?a1



- 
K 


-



-


ﬃ
&




(
;
! 0 

-
7Hﬂ
B







E-



&

*


-









1



- 




!


;





&

?


M
?a1



'

 
C `




=




'
2&

;
3



(




;

&1
3	
;


!


;


L


-

*
-
ﬂ





.

1


;
(


()-


*

(


	
Q

NM

4



8	?
-"


!%




	

O




?

(

-








=

4
&



(6

7
B



-








P

;



*
-

& C

*


ﬂQ


 

 



-
&

N
+



C


!


;



 
`









(




;






9

-
* ;


?

R
1





&

 

:



 
`


&9

(

4
E




8
'










=




-<



(


<
&SUT !
 WV




R
*



*

-

1,(
	ﬂX
T !

*
Y
-[ZT 

*
Y
(



*


1

1
*
4



'


'
 
C




!
*







(

&2

=



;

&=!

0
B
 

-ﬀ
F


(


;

&

&

J
		
F-





6
&

8-


	
(#
0\
  
ﬂ
 
$^] 7Eﬂ



	
(

-M



-




&7

-






A

9



*

9


;
&


6`_

!
 


7
 
C 5a4




;

&
	
NM
&





(

-






1(

;



1

=




-N

1

9

-
2&4
 7@(

9

( 7
		






;

/(

B

8

	
NM
 
C 3 

b
&2



 
&J

-










1





-
cd
*



4,
()-

& ﬀfe
hg
$ `3ﬂ


&

()(
&




	
(


;




*
:






-

(
I
1




ﬀ
&

*



4,
()-	
 
`



ﬂi
*






1



	

*




-j&

>

-








-j&

>



131

ﬁE
	





 
C
+
 
E-

%



-
	
R


(6

1,(




ﬁ


ﬂ

j
*




(2&

"

-








- 



131

ﬁ

	




0

"

*



-
	

- 



(

B

_1

(

*
(
j
'



ﬂk
9

ﬁ

(

(J1

9

-
U







'





(

*



(l&



(


*
(
;

-G

 1

ﬁ
 
214351`m nc:o: opq<rp0?p
,

9





=




-



-





E-

(

-




(




;
ﬂ



0




1

(

*
(
"
1

F&





(

 


<
&A
4	
8


!

E
;



4
0
b
B	5
 
`
. 
 
 
`.B
.
B
. 
5
7 ﬀ]7 .  (.  + 0 . 
`
C
 
 ﬁ

 ﬁ  
	
 ﬁ
 
ﬁ   
5
-


 



 



ﬃ
&l
 


()(


 4
*


57

c  
1

*
(

 1



(

- 

'




7
(



 
`

'
1




 

 

1





9

(
;



1,(
	ﬂ

  *ﬃ




-L9
  
-U

-9

(6
	

;


 


=
 


-
 
BC
B

9


ﬂ
-
 




(

:


-M-


 


 9

(
 
'	ﬂ


=
 

 
 

  
;

&L


 


()(


J4
*





'
-
 


 
+
b
--


 ﬂ
-
 

%


-



-

*	

ﬂ


=
 
7

 
 

  
;

ﬁ!

B



-
 





<4  
E(
;
-


I
1




  BC


7 ﬀ
\
 
ﬂ
 
	
]
 
ﬀ



-

C

&
 


N

N
 


(
	
;



()(

?a1



9
	ﬂ


1

*
(

 
& -


 



	 
B


 


-



-:
?


9



&

>
%BC


7 ﬀ

9


	
'

 
C
  ﬁ  ﬁ  
 
 ﬁ ! ﬀﬀ 
`


A
;
1
;
&,-


 





 

1





9

(
;


-





E-
6

-

Q



&


 


-

 

9

ﬁ

?
-


 



ﬃBC


7 ﬀ
7
 
+ 1

9

-


G
?
 
()(

% 1



(

- 

'




(



 
BC
B

9


ﬂ




 


=
 
B



? 

'
(
;

?a1



9

* ;




'+
&-

9

(

1

'


&=
+BC


7 ﬀ -


 




- 
  
(


	!


 

9



*
  
9



-
* ;

+	
/
 
!


;


ﬃﬂ




1

B



?

(

-

-
*
   


& 
4


' 

 

 
C
ﬁ  ﬀ
 
 ﬁ

	
 
	
	    

   
ﬀ
;




'/
&7
 4
;-

9

(

1

'
k

1

&7
N	
J
 
!


;



&


BC


7 ﬀ
ﬂ
9


;
-


	
(

-U

-

P

-

(

-
; *

1

(&



'
-


b
.   
 
E-

.




ﬂ 
&






1



()-
*



(

*
(

1

&

;



G(


:



;
-







	



 ﬂ 
 

 





!


;


 
&/

b
0
3K
-
5(`

5 3 
?a1



'

 
+*

-

(

-
; *

(

B
 
9











(

*






;
ﬂ


A0
3
,
b




*
W
9


;
	?
-  1



(

- 

'




(



&

 1

ﬁ


(




!
*
-
ﬃ
?


()(

F

ﬃ





1

*

(


;
\

]
 
 





&

()(
;

9
D
-






,
*




(

-
B

 
(


*
(



 
9


;

(



-




ﬂ


(

&



'+
&


C-









*

'



 
-



-
	ﬂ 
9
 


 


4
9


	
'

6

 
&
 






 
!
7
 
ﬀ



-




/
? 

'
(
;
1

:






(6

-M

&



ﬂ




F-









F

	




1





1



- 



(



-








-r




()(


d4
*


ﬂ

'BC


7 ﬀ


()(

*





-


(



-ﬃ

0
3
,
b
-






;

*



*



(

(



(



&

>
%	
8


!


;



 
-? DFBKB[Xb" B# G X 
   ﬁ    OXKJﬀ B)J) 
3 



 	


(

1





1



1,(



&C

0
3
,
b

- 

,/.0 1



1,(



9
 
(

-
;
*
 
?a1,(
	
-


3


-
	



;
1

ﬁ

&1

;




ﬂ 
(
;
























-

9

(

1

'
;&

;
4BC


7 ﬀ

?a1



'






1

ﬁ

-



%




 
`










-G-

9

( 7

1

'


&#

&

()(Q
;



B

(1

(&



'
-
* ;

C	
F


!




()(

*




M
&#



9







&
BC 
-

(
*



6
7Eﬂ 3 	
6
7#
-
ﬁ





6
b
B 7
 

ﬀ
	


   
ﬀ 
ﬂ
ﬃ
   
 

&

ﬁ

	


(
;
ﬂQ
+



-


"

F0
3
,
b
!

9
R
*
;
1



1,(

1

*
(



B

 
1





-








-


*


 
5
(

-
;

!
	 	


MBC


7 ﬀ +
`
 &7


()(

*





-




9



- 




7
9


	
( 0
3
,
b
-








	

*




-



 7 





-


*



 
+

-
	

- -






	




9




;

&

-



-




-



9



*
(
;
-



;



 
(




-



1
B


[
&

B





&

1





 
&

N

&


 BC


7 ﬀ
	
'

;
B





(

'
 




(



1
ﬂ
-






D




-


>

*


	
9
D
-

*
(
	ﬂ)
.-





*

-

-


	
(






 
 

 
  
 
 

. /.  0 . 
`
& ,/.087 0
3
,
b
3
&  
B
. 
5
7 ﬀ


5
& 





-
	 


,

E.F(
 


0

(6

1,(


6
,/.0
7'
!
	 	





  
-


1,(

&
;


(

'

ﬂ


1

*

*

(


;
&



-
	 
-I-






	




-
 
*



B

C

-
	 
-
* ;

E-



&

*


-
	ﬂ)
()(

B

&





&
3
1




G
9
G


 



*



 

ﬂ
ﬃ
   
     	
&
 
 K7 (

1

-,/.087 0
3
,
b

'
-

(


B

 -

'

 
1 



 
 -


 
  





 
+
`
 &7@(

;




  
- 

*

ﬃﬂ#
R(

B
  4, 


 
 
0
 
`



  
-
 ?
E-
	


&

'


 
!

  

	

 


'




-
* ;
ﬀ0



(

;


ﬂﬂ






-
B

 

 1
 
"


 
*

  4,
()-
 
+
I
E-

/



-
	 

  

*
	




(
*
 
!


  
-
ﬂ







 
(







*
()(
6
 

7
 
&





 
8
		

ﬂ



		
E

1

 7@(

;


 




&Q-
 
*
(

(

;

l&


 
G




 
(

 
~0.8 T
magnetic field
MSGC
GEM-
pipe
beam
50-60 cm
irradiation dose:
up to 25 kHz/mm
resulution:
< 100 µm in x-direction
~ 3 mm z-direction
~ 1 mm y-direction 
(in mangetic bending plane)
(along beam axis)
136 detectors in
8 super layers
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to HELIX readout
cathode, 170 µm
anode, 10 µm
active detector volume
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GEM short
* (affects whole detector)
multiple electrode spark (MES)
* severe destructions of anodes
* shorts between anodes and 
  cathodes (affects cathode groups) 
GEM voltage
transfer field
total gain
> 6000
required
cathode voltage
anode cathode sparks
* destructions of anodes
  (affects single strips)
Parameters: Consequences:
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